The relationship between antibiotic consumption and resistance has been widely evaluated. Pseudomonas aeruginosa is one of the most important opportunistic pathogens in the nosocomial setting, and its resistance to antibiotics is increasing. Production of metallo-β-lactamases (MBLs) is currently the most fearful resistance mechanism due to the potential of dissemination. This study aimed to evaluate the correlation between antibiotic consumption (expressed in DDD/100 bed days) and resistance (expressed in % of isolates and patients) in different time periods for P. aeruginosa between 2006 and 2009 at Saint George Hospital University Medical Center (SGH-UMC), Beirut. Pearson correlation coefficients (r) were calculated and linear regression was performed. Detection of MBL-producing Imipenem resistant P. aeruginosa (IRPA) isolates between 2008 and 2009 was performed using three MBL screening methods: MBL Etest®, Imipenem/EDTA combined disk test and EDTA disk potentiation with four cephalosporins. The modified Hodge test was also performed. From 2006 till 2009, there was a trend of increasing resistance of P. aeruginosa to all antibiotics, and the highest % of resistance was for Ofloxacin. Concerning resistance expressed by isolates, high correlation coefficients resulted among Imipenem, Ciprofloxacin and Tazobactam consumption and resistance to these agents in the same year correlation; Ceftazidime and Ofloxacin consumption and resistance in the next year correlation; Gentamicin and Ofloxacin consumption and the change in resistance (ΔR). Concerning resistance expressed by patients, results were similar except for Ceftazidime and Ofloxacin correlation in the next year correlation. In MBL screening, three isolates gave accordance among 4 methods which showed a positive result. The correlation between antibiotic consumption and resistance is highly dependent on the kind of antibiotic, the organism and the time of correlation. Various MBL screening phenotypic methods on one isolate can increase accuracy and eliminate false positive and negative results.
Introduction
Treatment failure resulting from antimicrobial resistance is a rising problem facing clinicians worldwide [1] . Antibiotic overuse and abuse is partially responsible for the increasing incidence of resistant microorganisms [2] . Some studies show a significant correlation between antibiotic use and resistance among clinically significant Gram-negative bacteria, such as E. coli, P. aeruginosa and Klebsiella spp. [3, 4] . P. aeruginosa is an opportunistic pathogen that is responsible for a large number of nosocomial infections [5] . It is innately resistant to a wide range of antimicrobial agents due to the low permeability of its cell membrane [6] . This bacterium may also acquire resistance to antimicrobial agents through several mechanisms including production of β-lactamases, upregulation of efflux pumps, and alteration or downregulation of outer membrane porins [7] .
nosa. However, increasing rates of Imipenem resistance among P. aeruginosa isolates are reported [8] . Although the downregulation of the porin OprD (with or without additional mechanisms) is the most common cause of carbapenem resistance in P. aeruginosa [9] , the most threatening mechanism is the production of MBL. This is mainly due to this enzyme's ability to hydrolyze virtually all β-lactams and its presence on mobile genetic elements such as plasmids and transposons [10] . Rapid detection of MBL producing P. aeruginosa strains is crucial for the prevention of its transmission and the implication of effective infection control measures [10] . The genotypic detection of MBL producing strains using PCR is expensive, requires specialized instruments, and is limited to detecting already described MBL-encoding genes. The availability of rapid and easy-to-perform phenotypic tests for the detection of MBL producing organisms is crucial for the prevention of outbreaks [11] . Such tests exist and include the Double Disk Synergy Test (DDST) and the MBL E-test with the use of EDTA as a metal chelating agent, the Modified Hodge Test (MHT), EDTA disk potentiation, and the Combined Disk Test (CDT) [12] . There is currently no recommendation by the CLSI for the use of a particular test in the screening for MBL [13] . However, the CDT and the DDST were found to be of high sensitivity for the detection of MBL [10] .
A study done in a 600 bed hospital over a period of three years showed a significant correlation between Imipenem consumption and Imipenem resistance among P. aeruginosa isolates [14] . Another nationwide study conducted in Germany also showed a positive correlation between Imipenem usage and resistance to this antimicrobial agent in P. aeruginosa isolates [15] . Data concerning the correlation between antibiotic consumption and resistance among P. aeruginosa isolates in Lebanon, as well as the occurrence of MBL among these bacteria, is scarce. In this study, our aim was to evaluate the relationship between antibiotic consumption and resistance in P. aeruginosa from the Saint Georges Hospital University Medical Center (SGH-UMC) between 2006 and 2009 and to evaluate the occurrence of MBL production among these isolates using phenotypic screening methods.
Materials & Methods

Antibiotic Consumption
The The correlation coefficient was calculated twice for each antibiotic using resistance by isolate for the first set and resistance by patient for the second set. Linear regression analysis was then performed in order to further emphasize the obtained results. The statistical analysis was done using SPSS version 17.0.
Phenotypic Detection of Resistance
Phenotypic detection of MBL in 20 isolates of Imipenem resistance Pseudomonas aeruginosa from 2008 to 2009 was done using all the following tests.
1) The Imipenem-EDTA CDT was performed by inoculating 10 [8] CFU/mL of the tested strain on Mueller Hinton Agar (MHA) and dispensing two 10 µg Imipenem disks 3 mm apart. 0.1 M EDTA was added to one of the disks. An increase in the inhibition zone of >4 mm upon EDTA induction after an overnight incubation was indicative of MBL production [10] .
2) The EDTA Disk potentiation was performed by dispensing Ceftazidime, Ceftizoxime, Cefepime, and Cefotaxime (30 µg each) on a lawn of the tested strain on MHA 25 mm apart from a central disk containing only 10 µL of 0.1 M EDTA. The observation of synergy or enhancement of the inhibition zone of any of the above disks after an overnight incubation was considered positive for MBL production [12] .
3) The MBL E-test was done by dispensing the MBL E-test Strip® (Biomerieux) on a lawn of the strain to be tested on MHA. The plates were incubated overnight and an MIC ratio of Imipenem/Imipenem + EDTA of ≥8 mm was considered positive for MBL production [16] .
4) The Modified Hodge Test (MHT) was done by preparing a lawn of E. coli (ATCC 25922) on MHA and dispensing a 10 µg Imipenem disk in the center of the plate. The tested strain was then streaked from the edge of the disk to the periphery of the plate. The plate was incubated overnight and a distortion in the inhibition zone of the Imipenem disk was indicative of carbape-
Results
Resistance of P. aeruginosa
Resistance to Ofloxacin was the highest in all four years ( Table 1 
Consumption and Resistance
Data obtained from the correlation of the consumption and the percentage of resistance by isolates showed that the highest positive correlation coefficient for the same year correlation was for Piperacillin/Tazobactam (r1 = 0.999). Ciprofloxacin and Imipenem also showed high correlation coefficients (0.964 and 0.871, respectively), while negative correlation coefficients were observed for Cefepime, Gentamycin, and Ofloxacin. In the next year correlation, Ceftazidime showed the highest correlation coefficient (r2 = 0.986). Ofloxacin also showed a high correlation coefficient (r2 = 0.856) while Amikacin, Aztreonam, and Cefepime showed a negative one. Using ΔR, the highest coefficient was found for Gentamycin (r3 = 0.964). Ofloxacin also had a high coefficient (r3 = 0.813) while Amikacin, Aztreonam, Ciprofloxacin, Imipenem, and Piperacillin/Tazobactam showed negative correlation coefficients. The data is presented in Figure  1 .
Data obtained from the correlation of the consumption and the percentage of resistance by patient showed that the highest positive correlation coefficient for the same year correlation was for Imipenem (r1 = 0.987). Piperacillin/tazobactam and Ceftazidime also showed high correlation coefficients (0.928 and 0.894 respectively) while negative correlation coefficients were observed for Cefepime, Gentamycin, and Ofloxacin. In the next year correlation, Aztreonam showed the highest correlation coefficient (r2 = 1.000) while Cefepime and Ciprofloxacin showed negative ones. Using ΔR, the highest correlation coefficient was for Gentamycin (r3 = 0.979). Amikacin, Aztreonam, Ceftazidime, Ciprofloxacin, Imipenem, and Piperacillin/Tazobactam showed negative correlation coefficients. The data is presented in Figure 2. 
Detection of Metallo-Beta-Lactamases
MBL detection varied among the 20 IRPA strains depending on the test being used. Table 2 shows the detection of MBL in each of the phenotypic tests that were done.
Among the 20 tested IRPA isolates, 14 showed a positive result by the MBL E-test, 18 were positive in the CDT test, and 9 were positive in the disk potentiation test. Among the 9 Ceftazidime susceptible isolates, 6 showed an MBL positive E-test, all 9 were positive on the CDT test, and 3 were positive in the disk potentiation test. Only 8 isolates showed an MBL positive result in all three phenotypic tests. The results of the MHT showed that only 3 carbapenem producing strains were detected by this test (Figure 3) .
Discussion
The increasing rates of resistance encountered among P. aeruginosa isolates worldwide makes the surveillance of resistance trends highly important in the choice of the best antimicrobial agent for therapy [18] . Our current study showed that the trends of resistance varied from one antimicrobial agent to another. However, the per- ing threat on the success of treatment.
The view of bacterial resistance in comparison with antibiotic consumption has been a very useful tool for the evaluation of the selective pressure exerted by the different antibiotics [19] . The high correlation coefficients for the same year analysis by isolate for Ciprofloxacin, Imipenem, and Piperacillin/Tazobactam observed in this study are in line with data collected worldwide [14, 15, 20] . This indicates that consumption of these antibiotics is having an effect on the emergence of bacterial resistance against these antimicrobial agents during the same year. Nevertheless, the antimicrobial agents had low correlation coefficients for the next year correlation, indicating that the effect on resistance for these antibiotics is limited to the year itself. However, data reported elsewhere showed that Imipenem had a high correlation coefficient for the next year analysis [14, 20] . This discrepancy may be due to the relatively small population investtigated in this study. Evaluation of the ΔR showed that consumption of Gentamycin and Ofloxacin was correlated to the change in resistance in two consecutive years. All the other antibiotics investigated failed to show this effect. This goes in line with a study by Mutnick, et al. that investigated antibiotic consumption and its effect on the change in resistance [4] .
When the same correlation coefficients were calculated by patient, the data obtained was slightly different. In the same year correlation, Imipenem and Piperacillin/ Tazobactam maintained a high correlation coefficient (r1 = 0.987 and r1 = 0.928, respectively). However, that of Ciprofloxacin was low (r1 = 0.547). This indicates that the observed effect on resistance on the isolate level is not necessarily seen on the patient level for Ciprofloxacin. Aztreonam had a correlation coefficient of 1 in the next year analysis indicating a strong effect of the consumption of this antibiotic on the emergence of resistance in subsequent years. Gentamycin also had a high correlation coefficient when ΔR was used suggesting that the effect of the consumption of this antibiotic is observed on both the patient and the isolate levels.
MBL producing P. aeruginosa strains have been well known to cause nosocomial outbreaks [21] . The rapid detection of this enzyme is crucial for the proper infection control and for the success of treatment [11] . There are currently no specific guidelines by the CLSI that indicate which is the best test for the detection of MBL. In this study, the MHT was used for the detection of carbapenemases in general and the MBL E-test, the Imipenem-EDTA combined disk test, and the EDTA disk potentiation using Ceftazidime, Ceftizoxime, Cefepime and Cefotaxime tests were used in order to screen for MBL production.
There is conflicting data present regarding the sensitivity, specificity, and positive predictive value of the MBL E-test. One study by Samuelsen, et al. showed a sensitivity of the E-test of 100%, a specificity of 86% and a positive predictive value of 20% [22] . Another study by Bergès, et al. showed a sensitivity of 100%, a specificity of 86.4% and a positive predictive value of 86.9% [23] . In contrast, Qu, et al. showed an 85.7% sensitivity, 100% specificity, and 100% positive predictive value [24] . A study by Lee, et al. concluded that the MBL E-test is highly sensitive and specific for detecting IMP-1-and VIM-2 types of MBL [25] . In our study, 14 MBL positive strains were detected by the MBL E-test. Nevertheless, 6 of these isolates were susceptible to Ceftazidime and therefore could not be MBL producers. The MBL positive results for these strains may have been false positive results produced by this test.
In the Imipenem-EDTA CDT, 18 isolates were MBL positive. The use of EDTA has been known to produce false positive results due to this chemical's ability to degrade porins on the bacterial cell membrane [23] . Moreover, several studies have shown that the Imipenem-EDTA CDT could produce false positive results [12, 23] . Therefore, the higher amount of MBL producers detected by this test as compared to the MBL E-test may have been false positive detection.
The use of the EDTA disk potentiation using Ceftazidime, Ceftizoxime, Cefepime and Cefotaxime test showed only 9 MBL producing strains. 3 of these strains were susceptible to Ceftazidime. By comparing these values to the values obtained from the other tests, we may assume that the use of this method is not highly specific for the detection of MBLs.
The sensitivity and specificity of the MHT was found to be 100% and 88% respectively [17] . However, a study by Galani, et al. showed that the MHT produced many false positive and false negative results [13] . Only 3 strains were found to produce carbapenems using this test.
Overall, 8 isolates were MBL positive on the three MBL specific phenotypic tests and only 3 isolates were MBL positive on the four phenotypic tests that were used (the MHT included). Therefore, we can assume that at least 3 out of 20 isolates are MBL producers with the possibility of adding up to 5 MBL producing isolates. Further molecular analysis could help determine the exact amount of MBL producing isolates. However, the high cost and the requirement of use of specialized machinery makes screening for MBL with molecular techniques an unfavorable process. As an alternative, it is recommended that different phenotypic techniques be implemented for the screening of MBL in order to obtain higher accuracy for the detection of this enzyme.
The percentage of resistance among P. aeruginosa isolates is increasing throughout the years in the SGH-UMC. There was a correlation between the consumption of certain antibiotics and the emergence of resistance during the same year and the following years at that same hospital. Screening for MBL among IRPA is crucial for the rapid detection of this enzyme. There is no one phenotypic technique that is adequate for screening and the use of several phenotypic techniques in the screening process is recommended.
